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Abstract  

Magnet-assisted transfection or magnetofection refers to the delivery of nucleic acids to target cells with 
the help of conjugated superparamagnetic iron oxide nanoparticles (SPIONs) and external magnetic fields 
generated by permanent magnet plates. The external magnetic field, among other parameters, directly 
affects the transfection efficiency. However, standard permanent magnet plates generate static magnetic 
fields which are not as effective compared to time-varying, dynamic fields. In this work, we show a new 
and novel “AC magnet plate” compatible with standard 96-well cell culture plates, which can be easily 
adapted for benchtop use in a typical lab setting. We provide full design details, modelling, fabrication, 
measurement and testing on human embryonic kidney cells (HEK 293) to show transfection 
improvement. We perform magnetofection under different field conditions and show that with increasing 
AC content, efficiency of transfection is improved. 
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1. Introduction 

Mutations or absence of essential genes such as cancer suppresser genes have serious complications 
on the human well-being. As technology in medicine is developing, new treatments for genetic disorders 
are emerging, referred to as gene therapy. Due to advances in the human genome project, gene therapy is 
now a promising method for the treatment of genetic disorders and diseases by way of replacing missing 
or malfunctioning genes with new, healthy genes. However, the efficacy of gene therapy is directly 
correlated with the ability to deliver the desired genes to cells, which calls for the development of robust 
gene delivery techniques.   

So far, many gene delivery techniques were developed to introduce plasmid DNA, small interfering 
RNA (siRNA) or duplex RNA, oligonucleotides, and RNA into eukaryotic cells [1]. Among the various 
gene delivery techniques non-viral methods are collectively referred to as transfection. Some major 
transfection methods include lipofection (using liposomes), sonoporation (using ultrasound), cell-
squeezing, electroporation (application of electric field), biolistic delivery with gene gun, mechanical 
microinjection and magnet-assisted transfection (magnetofection).  
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